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 Abstract - A new paradigm for numerical simulation of 
microneedle based drug delivery is introduced in this paper. 
The computational domain is acquired from histological 
image of microneedles pierced skin instead of using the 
model based on microneedles geometry. The simulation 
results are compared with experimental data and showing a 
strong correlation which indicates distinguished accuracy. 
 
INTRODUCTION 
 
Microneedle (MN) is a relatively recent invention and an 
efficient technology for transdermal drug delivery (TDD). 
Conventionally, the mathematical models of MNs drug 
delivery define the shape of the holes created by the MNs in 
the skin as the same as their actual geometry [1]. The size of 
the MN holes in the skin is considered to be either the same 
or a certain fraction of the lengths of the MNs. However, the 
histological images of the MN treated skin indicate that the 
real insertion depth is much shorter than the length of the 
MNs and the shapes may vary significantly from one case to 
another [2]. In addressing these points, we propose a new 
approach for modelling MN based drug delivery, which 
incorporate the histology of MN pierced skin using a 
number of concepts borrowed from image processing tools. 
It is expected that the developed approach will provide 
better accuracy of the drug diffusion profile. A new 
computer program is developed to automatically obtain the 
outline of the MNs treated holes and import these images 
into computer software for simulation of drug diffusion 
from MN systems.  
 
MATERIALS AND METHODS 
 
A MATLAB program has been developed in this work 
which can automatically acquire the coordinates of various 
points of the image of the skin sample. These coordinates 
(i.e., not the image) can then be imported into a numerical 
simulator to carry out the desired simulations for drug 
transport in MN treated skin (Fig.1). The method is general, 
and it would work in both in vitro and/or in vivo conditions 
provided the skin histology images are available.  
 
RESULTS AND DISCUSSION 
 
The simulated data from all the histological images are 
averaged and compared with the experimental results of 
insulin from our previous study [3]. The initial concentration 
of the drugs (35 µg/ml) and time durations (4 hrs) of the 
simulation remain the same with the experiment condition. 
The results are shown in Fig. 2. From the figure we can see 
that the predicted concentration of insulin resembled well to 
the experimental results. 
 
 
 
CONCLUSIONS 
 
This new modelling method can provide a reliable and 
accurate way to test the quality of MNs design and 
modelling, as well as simulate experimental studies, e.g., 
permeation experiments on MN pierced skin using diffusion 
cell. It is expected that the developed paradigm for 
numerical simulation of MN based delivery would help the 
researches to design more efficient MNs systems. 
 
Fig.1 The histological image from cryotome sliced skin is processed by the 
program and simulated in COMSOL. A) The original image; B) The outline 
of the skin has been captured; C) Simulated diffusion profile of the target 
drug molecule (insulin, in this case). 
 
 
 
Fig.2 Numerical simulation data compared to the experimental results from 
our previous papers. The concentration profiles of insulin are presented. 
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